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INTRODUCTION

The surface temperature of the Great Lakes is a potentially important
predictor for many of TDL's products. While this variable can be ob-
tained from at least two sources, satellites and airborne radiometers,
it is either available irregularly, as in the case of airborne radio-
meters, or there is a relatively short record of observation, as in

the case of satellites. 1In either case the observations are not avail-
able in the operational system that TDL's products are part of. For
those reasons it is useful to have a climatological estimate of this
predictor.

Since 1966 the Atmospheric Environment Service of Canada has made airborne
radiometer temperature surveys of surface water for Lakes Ontario, Erie,
Huron, and Superior (Richards, Irbe, Massey, 1969 and Irbe, 1972)%*,

These surveys form the basis of a method of estimating lake surface tem-
peratures at the .points shown in Fig. 1. The period of record for these
locations ranged from 4 to 10 years.

PROCEDURE

Temperatures for the points shown in Fig. 1 were subjectively interpolated
from airborne radiometer fields on all available days. A 5- to 10-year
record was then constructed by giving days without observations the values
obtained by linearly interpolating from days on either side. 1In this

way a temperature was constructed for each point and for each day of the
period. Surveys were not always made during periods of maximum or mini-
mum temperatures. Where necessary these maximums and minimums were in-
ferred by subjective extrapolation from temperatures available on either
side of these critical points.

The temperatures for all available years were then averaged for each day
of the year, for each forecast point, so that climatic graphs of the tem—
perature cycle were obtained for each location. For operational purposes,
a six-wave Fourier curve was fitted to each yearly cycle. The curve was
based on values from the climatic graph picked off in 5-day intervals.

The Fourier equations substitute for a "look up" table.

Since maximum and minimum temperatures did not occur at the same time each
year, the climatic peaks and troughs tended to be flattened. In some
applications it is important to have an estimate of the unflattened peaks
and troughs. This was obtained by examining the climatic graph and subject-

* Surveys taken after 1970 have been made available to us on a continuing
basis.



ively adjusting it. The adjustment was, in all cases, less than .9°C
and usually less than .5° C. The Fourier curve reflects the adjusted
peaks and troughs. Figures 2-10 illustrate the graphs. Each figure
includes the climatic graph and the Fourier curve. The average ob-
served maximum and minimum temperatures, their standard deviations, the
average day of year of the maximum temperatures and their standard de-
viations are also shown.

The traits of the observation records vary. The number of observations
per point ranged from 27 to 163; 68 was average. Except for Lake Ontario,
no observations were made in 1972. Normally, for a given lake, obser-
vations were not taken on the same day of year during the period of
record. Few observations were taken between November and March on all
the lakes. This problem was greatest at Lake Superior where almost no
observations were taken between October and April, hence, on this lake,
the temperatures in this time frame are dubious. Since the observations
at all of the forecast points were so sparse, these equations are offered
as crude approximations of the annual lake temperature cycle.

RESULTS

The generalized Fourier equation is shown below. The nine sets of co-
efficients are given in Table 1. Surface temperature, for a point, for
a given date, can be calculated by inserting the proper constant and co-
efficients.

Temp (D) = A &

A,CO0S(27D/365) + BISIN(ZnD/365) +
AZCOS(anDisﬁs) + B,SIN(4wD/365) +
A3C0S(67D/365) + B3SIN(67D/365) +
A4COS (87D/365) + B,SIN(87D/365) +
A5C0S(10mD/365)+ BsSIN(107D/365) +
A6008(12ﬂD/365)+ BSIN(12mD/365)

where D = Day of year
A, = constant
Aq ...Aﬁ, Bl"'Bﬁ = Coefficients
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Figure 1.

TLocations of surface temperature estimates.
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Figure 3.

10 years of data, 163 observations.
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